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Abstract – We explore the competitive interaction between military and civilian firms on industrial transfer and Dual-Use 

Technology (DUT) development employing an evolutionary game theory. This work is intended to examine the effect of 

some strategic modes (Mix, Spin-In, and Spin-off) on the effort level, income generation and technological advancement. 

Optimum effort of military and civilian enterprises is analyzed by creating equilibrium conditions while performing the 

analysis. The study reveals that the Mix mode yields the highest combined effort and revenue for both firms and results in 

improved performance for both firms than in the other modes. The findings of the simulation study support these outcomes 

too; the Mix mode accelerates technical advancement more than the other modes; the Spin-In mode is in the middle; and 

the Spin-Off mode is the slowest. The revenue simulations support these findings where the Mix mode maximizes both 

personal and overall income for the military and civilian businesses. Therefore, the approach that this research reveals to 

hold the most effectiveness for the development of DUT, enhancement of industrial transfer and overall economic benefits 

for both sectors is the Mix mode. These implications are important for policy making involving the fostering of civil-

military relations for innovation and technology transfer. 

 

Keywords – Industrial Transfer, Technology Transfer, Evolutionary Game Analysis, Civil-Military Integration, Dual-Use 

Technology Development, Military Technology. 

 

I. INTRODUCTION 

Industrial transfer [1] is defined as the migration of some industries from one location to another; it therefore encompasses 

both international and regional shifts. This particular type of transfer is commonly considered as one of the key factors 

towards a sustainable economic and regional development [2]. Some resource and economic factors include; limited 

availability of land resources and rising cost of labor which makes some industries that use these resources to be relocated 

from the developed to underdeveloped countries during an industrial transfer process [3]. Since China’s reform and opening 

up policy in 1978, the coastal region economies have been developed with the support of national policies. They have 

successfully established their own geographical advantages and a favorable foreign investment climate. However, a range 

of issues have emerged in these coastal regions, including inadequate development progress and diminishing labor cost 

benefits [4]. In contrast, the western area has advantages in terms of land, labor, and policies [5]. Consequently, local 

governments actively promote the progressive relocation of businesses from the eastern region to the central and western 

regions, while simultaneously optimizing its industrial structure [6]. 

Industrial transfer is crucial for stimulating economic development in the interior areas, executing economic restructuring 

on the coast, and transforming the national competitive advantage of the People's Republic of China (PRC) [7]. For the 

coastal region, the movement of labor-intensive, low-end manufacturing into the interior creates space for higher-end 

production and tertiary economic activity [8]. This approach is referred to by Chinese officials as “emptying the cage to 

change the bird” (tenglong huanniao). The internal relocation of sectors in inland economies results in an unparalleled influx 

of investment and creates new prospects for development [9]. If the PRC establishes a well-organized division of labor based 
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on regional distinct advantages, it might gain a significant advantage over other national rivals. Indeed, very few countries 

can claim to have the very lowest to greatest levels of output inside a single market. While the PRC operates on a hierarchical 

structure, the central leadership lacks the authority to direct provincial governments to specialize in certain industrial sectors 

[10]. Neither can state authorities enforce the relocation of privately-owned and foreign-owned enterprises to specified areas. 

Therefore far, the transfer of industries inside the PRC has mostly been a decentralized and market-oriented process that 

opposes meticulous state planning, whether by central or local administrative bodies. 

In the context of technological transfer between civilian and military uses, the phrase 'dual-use' was first used. A Dual-

Use Technology (DUT) is a technology that is produced and employed by both the military or space sector and the civilian 

sector. In other words, it is technology that has uses in both military and commercial domains. Sánchez-Cobaleda [11] 

clarified that there are instances where the word dual-use coincides with the term spin-off. In their concise analysis of the 

dual-use idea, Rajagopalan and Stroikos [12] also acknowledge the fortuitous inclusion of these concepts. Brenneis [13] and 

Camacho [14] contended that dual-use encompasses the long-term industrial benefits of research and development activities 

that extend beyond the original goals. DUT [15, 16, 17] may be interpreted in two ways: military technology serving as a 

basis for civilian innovation (spin-off) or vice versa (spin-in). Although there is evident usage of civilian technology for 

military reasons, the primary emphasis has been on the transfer of military breakthroughs to civilian use. 

The phenomena of dual use technology exemplify the unique characteristics of postmodern understanding of a human 

being as an individual who exercise agency in choosing between natural and artificial, life and death, and progress and stasis. 

Moreover, it demonstrates an understanding of a human being as an individual seeking and expanding the structures of their 

own life, creating a whole new system by building upon current systems. Capps et al. [18] suggests that a comprehensive 

understanding of the anthropogenic implications of biotechnologies (and technologies in general) may be achieved by 

addressing three fundamental inquiries: (1) the existence of human beings; (2) the nature of human beings; and (3) the 

complexity of the human involvement [19]. Tywoniak et al. [20] observes that advanced technologies have the potential to 

be perilous as they may enable us to exhaust the humanistic aspect of life or jeopardize the survival, fundamental nature, or 

population of humanity. 

Originally derived from the field of ecological biology, Evolutionary Game Theory (EGT) distinguishes itself from 

classical game theory by placing more emphasis on the stability and dynamics of the tactics used by the whole population, 

rather than only on the attribute of equilibrium. The EGT model has found extensive use in modeling user behaviors in image 

processing, communication and networking, congestion management, dynamic spectrum access, cooperative peer-to-peer 

(P2P) streaming, and cooperative sensing. Skarding, Gabrys, and Musial [21] have shown that evolutionary games are a very 

effective method for modeling the dynamic social engagements among individuals within a network. EGT is a precise 

method for analyzing the process by which a group of players reach a more stabilized equilibrium after strategic engagement. 

The Evolutionarily Stochastic System (ESS) is a specific equilibrium approach identified as such. An evolutionary game 

with N players is considered an ESS if and only if a strategy profile an 𝑎∗(𝑎1
∗, … , 𝑎𝑁

∗ ), where 𝑎1
∗  ∈  𝓍 and 𝓍 is the action 

space, ∀𝑎 ≠ 𝑎∗, 𝑎∗ follows Eq. (1) and (2): 

 

 𝑈𝑖(𝑎𝑖 , 𝑎−𝑖
∗ ) ≤ 𝑈𝑖(𝑎𝑖

∗, 𝑎−𝑖
∗ ),       (1) 

 𝑈𝑖(𝑎𝑖 , 𝑎−𝑖) ≤ 𝑈𝑖(𝑎𝑖
∗, 𝑎−𝑖) 𝑈𝑖(𝑎𝑖 , 𝑎−𝑖

∗ ) ≤ 𝑈𝑖(𝑎𝑖
∗, 𝑎−𝑖

∗ ),      (2) 

 

Here, 𝑈𝑖 represents the application of 𝑖, whereas 𝑎−𝑖  represents the approaches of the players except 𝑖. The initial 

condition under consideration is the Nash equilibrium (NE) state [22], whereas the subsequent condition ensures the 

constancy of the approach. Furthermore, it is evident that a stringent NE is always an ESS. Assuming that all players embrace 

the ESS, it follows that no mutant approach may infiltrate the population due to the effects of natural selection. Although a 

minority of participants may lack rationality and choose out-of-equilibrium schemes, the ESS remains a locally stable 

condition.  We will examine an evolutionary game characterized by 𝑚 strategies denoted as 𝑋 =  {1, 2, . . . , 𝑚}. A utility 

matrix, 𝑈, is a 𝑚 ×  𝑚 matrix where 𝑢𝑖𝑗 represent the utility assigned to option 𝑖 compared to 𝑗. The fraction of population 

𝑖 is denoted as 𝑝𝑖 , where 𝑡(𝑖) is equal to ∑ 𝑝𝑖 = 1𝑚
𝑖=1 . The fitness parameter of 𝑖 is defined as 𝑓𝑖 = ∑ 𝑝𝑗𝑢𝑖𝑗

𝑚
𝑗=1 . The average 

fitness of the whole population may be quantified as ∅ = ∑ 𝑝𝑖𝑓𝑖
𝑚
𝑖=1 . The Wright-Fisher model is often used to enable players 

to congregate to the ESS. In this model, the method update equation representing each player may be expressed as Eq. (3): 

 

 𝑝𝑖(𝑡 + 1) =
𝑝𝑖(𝑡)𝑓𝑖(𝑡)

∅(𝑡)
        (3) 

 

This research paper explores the dynamics of industrial transfer and DUT development between civilian and military 

firms through an evolutionary game-theoretic framework. It examines how different strategic modes impact effort 

optimization, revenue generation, and technology advancement. By establishing equilibrium conditions and conducting 

simulations, the study reveals that the Mix mode offers the highest collective effort, revenue, and technological growth, 

making it the most effective strategy for fostering collaboration and maximizing economic returns in military-civilian 

partnerships. The remaining sections of this research have been organized in the following manner: Section II describes the 

design of the model employed in this research. Section III provides detailed equilibrium, simulation, and revenue analyses. 
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In Section IV, a detailed discussion of the findings, which includes equilibrium results (optimal effort level, optimal revenue, 

and DUT development), and simulation results (generic simulation), has been provided. Lastly Section V concludes that the 

Mix mode is the most effective method for DUT development, enhancing industry transfer, and enhancing total economic 

benefits.  

II. MODEL DESIGN 

Technological manufacturing for military and civilian purposes takes place in distinct market ecosystems [23]. The military 

technology industry has extended periods of experimentation and production, characterized by significant technological 

requirements and expenses within a market that operates independently and autonomously [24]. In the literature on 

international relations theory, the replication of military technology assumes a vital but undervalued position. Internal 

balance, for example, often involves replicating foreign technology [25]. However, Derian and Wendt [26] in the field of 

international relations have not examined the specific circumstances and reasons behind the success of attempts to replicate 

foreign military systems. Instead, they have presumed that the deliberate intents or motivations of states to mimic would 

automatically result in success. Conversely, the civilian sector operates under a dynamic and rapidly evolving 

macroeconomic context, necessitating reduced pricing, enhanced qualifications, and expanded product capabilities to appeal 

to customers. Thus, when civilian and military firms join one other's market, they may encounter intricate cooperative and 

competitive dynamics throughout the conversion of DUT. 

Civil-Military Integration (CMI) [27, 28] is a comprehensive movement that consist of many policy measures. Originally 

characterized as the amalgamation of the Industrial Base and Defense Technology and the Commercial Technological Base 

into a cohesive Industrial Base and National Technology, the integration movement of civil military has progressed from 

one administration to another [29]. An integral part of the CMI movement was 1997 DRI (Defense Reform Initiative) [30] 

and the subsequent Business Affairs Revolution [31]. The objective of both these initiatives was to integrate the most 

effective commercial business activities from private sectors into the military control and export strategy of the Department 

of military [32].  

For the purpose of streamlining the transfer of DUT between economics and defense innovation frameworks in Civil-

Military Integration (CMI), we categorize them into two economic segments: military civilian (C) and enterprises (M) 

enterprises (C). The participating segments are assumed to be completely rational, possess complete knowledge, and want 

to maximize their profits [33]. The ownership interest and technical confidentiality in contact to DUT may influence the 

intents of civilian and military firms, who serve as both the technology supplier and receiver [34]. From a conventional 

security standpoint, the dual-use security problem expands the concerns of policy makers over an adversary's defensive or 

offensive intents to include the apprehension of inherently dangerous civil technology. There is uncertainty among policy 

makers over the potential detrimental intents of the opponents in employing the technology [35]. However, the possibility 

of their exploitation or modification of the technology for detrimental intentions, even in the long run, generates uncertainty 

and may motivate policymakers to implement safeguards to counter the menace. Like the classic security problem, these 

measures have the potential to shape the behavior of an adversary, prompting them to obtain military capabilities or even to 

use the DUT for military purposes. 

Due to China's historically unique civilian and defense innovation regimes, the difference between civilian and military 

technology is based on institutional factors rather than inherent attributes [36]. These disparities have the potential to result 

in “lock-in” stage of the path-based process for military and civil enterprises, therefore limiting their availability for 

technology transfer [37]. Lock-in refers to a conceptual model, which describes how particular technological advancements, 

as they continue to evolve alongside political, cultural, institution, and social systems, may become more resistant to change 

[38]. This resistance acts as a barrier, limiting the potential for the growth of substitute socio-technical configurations that 

may be superior or more environmentally and socially desirable. The possible adverse consequences of technology lock-in, 

also known as entrapment or entrenchment, include a range of environmental and societal issues including climate change, 

ecological deterioration, resource exhaustion, pollution, health concerns, and social breakdowns [39]. Typically, these effects 

are only identified after the system has already been firmly established. Observations indicate that the dominance of a certain 

technology is likely to result in the exclusion of others, leading to a decline in variety. This erosion may occur either by 

coincidence or intentionally by proponents of certain technologies [40]. Therefore, it has been proposed that one mechanism 

to maintain flexibility (and prevent harmful lock-in) is via preserving variety. 

Both military and civilian organizations must allocate extra resources and funding towards communication and external 

management [41]. The effort level of technology conversion for military firms at time t is denoted as 𝐸𝑀(𝑡), whereas that 

for civilian firms in DUT transfer is denoted as 𝐸𝐶(𝑡). Technology conversion costs for civilian and military firms may be 

represented by the functional expression 𝑐𝑀(𝐸𝑀(𝑡), 𝑡) and 𝑐𝐶(𝐸𝐶(𝑡), 𝑡), correspondingly, which utilizes quadratic equations 

to account for the convexity of effort level and costs at time t. Take into account Eq. (4): 

 

 𝑐𝑀(𝐸𝑀(𝑡), 𝑡) =
𝜇𝑀

2
𝐸𝑀(𝑡)2𝑐𝐶(𝐸𝐶(𝑡), 𝑡) =

𝜇𝐶

2
𝐸𝐶(𝑡)2       (4) 

 

Let 𝜇𝑀 and 𝜇𝐶 represent the cost coefficient of civilian and military enterprise at time t, respectively. The CMI will 

facilitate the transfer of DUT via communication and collaboration between civilian and military organizations. The ongoing 

integration of dual-use technologies via external acquisition and internal transformation will consistently enhance the overall 
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technological level development [42]. Dual-use technologies undergo evolution when they are transferred from one 

organization to another. The supplier may adapt the technology at the output based on the circumstances of the other party. 

Analysis by Mowery [43], a U.S. national defense economist, reveals that a minimum of 40 percent of effective military 

technology contribute to enhancing the economic welfare of individuals. More precisely, military technology has the 

capability to improve a nation's security and the aggregate national economy [44]. By integrating military technology into 

private industries, nations not only impart military innovations or inventions to civilian livelihoods that generate revenue, 

but also contribute to the advancement of technology in private industries, which reciprocally play a crucial role in the 

development of national defense. 

During the process of “learning by acting,” the receiver integrates the novel technology in a manner that aligns with the 

requirements of the facilities and researchers [45]. Technological advancement is fundamentally driven by the conversion 

efforts of military and civilian organizations [46]. Simulations are enhancing our capacity to evaluate extensive military 

operations, including the impact of command and control, various operational ideas, and novel force formations and military 

architectures. Simulations have significantly advanced the integration of technology and training to establish environments 

where individual soldiers, weapons, and combat units (including temporary formations) can be trained and assessed against 

enemy forces in conditions that surpass field training and approximate reality [47]. The use of electronics, ranging from 

aviation simulators to interactive wargames, is essential for the simulation of various settings. Simulations also facilitate the 

identification and resolution of command, control, and intelligence issues prior to real military actions, therefore enhancing 

our capacity to promptly adapt plans while information is still up-to-date and allows for its exploitation [48]. Prominently, 

simulations serve as the instructional tool that enables us to acquire expertise in the integration of different systems and 

networks in order to achieve their maximum capabilities. The degree of dual-use technologies, denoted as 𝐾(𝑡), is 

determined by stochastic differential equations in Eq. (5): 

 

 {
𝑑𝐾(𝑡) = [𝛼𝐸𝑀(𝑡) + 𝛽𝐸𝐶(𝑡) − 𝛿𝐾(𝑡)]𝑑𝑡 + 𝜀(𝐾(𝑡))𝑑𝑧(𝑡)

𝐾(0) = 𝐾0 ≥ 0
           (5) 

 

The decreasing DUT coefficient is denoted as 𝛿 ∈ (0, 1]; and technological innovation capability (TIC) coefficient of 

civilian and military firms on the advancement of technical level are represented by; 𝑧(𝑡) and 𝜀𝐾(𝑡), respectively. The initial 

technology level is denoted as 𝐾0. 𝐾(𝑡) is inherently a rising function characterized by declining marginal returns. Given 

constant other parameters, the DUT development element 𝐾(𝑡) is constrained. The demand element used in the conversion 

of DUT consists of two elements: economic demand and national demand. Eq. (6) describes the demand element, where 𝜆 

refers to the coefficient for civilian and military firms of local defense demand and θ refers to the economic demand 

coefficient. 

 

 𝑄(𝑡) = 𝜆[𝐸𝑀(𝑡) + 𝐸𝐶(𝑡)] + (𝜆 + 𝜃)𝐾(𝑡)       (6) 

 

III. EQUILIBRIUM AND SIMULATION ANALYSIS  

Equilibrium Analysis  

In this section, we analyze the equilibrium dynamics of the system under study, focusing on the interaction between the 

government, civilian firms, and military firms. To capture the competitive behaviors of these actors within the evolutionary 

game framework, we model the interaction using differential equations representing the rates of change in effort levels, 

technology development, and revenues across the different players. Let the variables 𝐸𝑀, 𝐸𝐶 , and 𝐸𝐺  denote the effort levels 

of the military, civilian, and government sectors, respectively. The following system of equations is intended to define an 

equilibrium state which arises when each actor employs his suboptimal strategy. We begin by specifying the military and 

civilian sectors’ utility functions. Let 𝑈𝑀 be the utility for the military firm as a function of its effort and the technology 

transfer rate α\alphaα provided by the government and let 𝑈𝐶  be the utility of the civilian firm as a function of its effort and 

the technological spillover β from the military as given in Equation: (7) and (8): 

 

 𝑈𝑀(𝐸𝑀 , 𝐸𝐶 , 𝛼) =
𝐸𝑀

2 

2
− 𝛼𝐸𝑀𝐸𝐶 + 𝑅𝑀(𝐸𝑀)        (7) 

 𝑈𝐶(𝐸𝐶 , 𝐸𝑀 , 𝛽) =
𝐸𝐶

2 

2
− 𝛽𝐸𝐶𝐸𝑀 + 𝑅𝐶(𝐸𝐶)   (8) 

 

where 𝑅𝑀(𝐸𝑀) and 𝑅𝐶(𝐸𝐶) stands for the particular revenue elements of civilian and military or military firms. By 

applying the first-order conditions to these utility functions, we derive the optimal effort levels for both the civilian and 

military firms in equilibrium, as shown in Eq. (9) and (10): 

 

 
𝜕𝑈𝑀

𝜕𝐸𝑀
= 𝐸𝑀 − 𝛼𝐸𝐶 +

𝜕𝑅𝑀

𝜕𝐸𝑀
= 0          (9) 

 
𝜕𝑈𝐶

𝜕𝐸𝐶
= 𝐸𝐶 − 𝛽𝐸𝑀 +

𝜕𝑅𝐶

𝜕𝐸𝐶
= 0         (10) 
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Solving these equations for the optimal effort levels 𝐸𝑀
∗  and 𝐸𝐶

∗, we obtain Eq. (11) and (12): 

 

 𝐸𝑀
∗ =

𝛼𝐸𝐶+𝑅′𝑀

1−𝛼2            (11) 

 𝐸𝐶
∗ =

𝛽𝐸𝑀+𝑅′𝐶

1−𝛽2            (12) 

 

Eq. (7) through (12) stand for the Nash equilibrium effort levels of the military and civilian firms under symmetric 

competition. 

Simulation Analysis  

In the simulation phase, we look at how effort levels and technology change with time as the organization evolves. Let 𝐾(𝑡) 

denote the development level of the DUT at time t, which has been developed through concerted efforts of government, 

military and civil society. The growth of DUT [49] is modeled using the following differential equation in Eq. (13): 

 

 
𝑑𝐾(𝑡)

𝑑𝑡
= 𝛾𝑀𝐸𝑀(𝑡) + 𝛾𝐶𝐸𝐶(𝑡) + 𝛾𝐺𝐸𝐺(𝑡) − 𝛿𝐾(𝑡)       (13) 

 

where 𝛾𝑀, 𝛾𝐶, and 𝛾𝐺 stand for the military, civilian and governmental technology contributions respectively and 𝛿 for 

the rate of technological obsolescence. Assuming the initial condition 𝐾(0) = 𝐾0, we solve this equation to obtain the time 

evolution of 𝐾(𝑡) in Eq. (14):  

 

 𝐾(𝑡) =
𝛾𝑀𝐸𝑀+𝛾𝐶𝐸𝐶+𝛾𝐺𝐸𝐺

𝛿
(1 − 𝑒−𝛿𝑡) + 𝐾0𝑒−𝛿𝑡       (14) 

 

This equation indicate that the technology development level rises up with time and converges to the steady state value 

of  
𝛾𝑀𝐸𝑀+𝛾𝐶𝐸𝐶+𝛾𝐺𝐸𝐺

𝛿
 when t tends to infinity. To check on the stability of the equilibrium [50], we incorporate a stochastic 

term that captures random shocks in the effort levels and technology contributions. Let 𝜎𝑀, 𝜎𝐶, and 𝜎𝐺 represent the variance 

in the efforts of the military, civilian, and government sectors, respectively. The variance of the technology level 𝐷[𝐾(𝑡)] is 
given by Eq. (15): 

 

 𝐷[𝐾(𝑡)] =
𝜎𝑀

2 +𝜎𝐶
2+𝜎𝐺

2

2𝛿2 (1 − 𝑒−2𝛿𝑡)       (15) 

 

As 𝑡 → ∞, the variance of the technology level converges to Eq. (16): 

 

 lim
 𝑡→∞

𝐷[𝐾(𝑡)] =
𝜎𝑀

2 +𝜎𝐶
2+𝜎𝐺

2

2𝛿2        (16) 

 

Thus, the stability of the technology development process is determined by the variance in the efforts of the different 

sectors, with higher variance leading to greater instability in the technology level over time [51]. 

Revenue Analysis 

The revenues of the military and civilian sectors are modelled as functions of their effort levels and the technology 

development level 𝐾(𝑡). Let the revenue functions for the civilian and military firms be given by Eq. (17) and (18): 

 

 𝑅𝑀(𝐸𝑀 , 𝐾(𝑡)) = 𝑟𝑀𝐸𝑀𝐾(𝑡)        (17) 

 𝑅𝐶(𝐸𝐶 , 𝐾(𝑡)) = 𝑟𝐶𝐸𝐶𝐾(𝑡)       (18) 

 

where 𝑟𝑀 and 𝑟𝐶  are the revenue coefficients for the military and civilian sectors, respectively. Substituting the expression 

for 𝐾(𝑡) into these revenue functions, we obtain the time-dependent revenues in Eq. (19) and (20): 

 

 𝑅𝑀(𝑡) = 𝑟𝑀𝐸𝑀 [
𝛾𝑀𝐸𝑀+𝛾𝐶𝐸𝐶+𝛾𝐺𝐸𝐺

𝛿
(1 − 𝑒−𝛿𝑡) + 𝐾0𝑒−𝛿𝑡]         (19) 

 𝑅𝐶(𝑡) = 𝑟𝐶𝐸𝐶 [
𝛾𝑀𝐸𝑀+𝛾𝐶𝐸𝐶+𝛾𝐺𝐸𝐺

𝛿
(1 − 𝑒−𝛿𝑡) + 𝐾0𝑒−𝛿𝑡]  (20) 

 

At steady state, the revenues for the military and civilian firms converge to Eq. (21) and (22): 

 

 lim
𝑡→∞

𝑅𝑀(𝑡) = 𝑟𝑀𝐸𝑀
𝛾𝑀𝐸𝑀+𝛾𝐶𝐸𝐶+𝛾𝐺𝐸𝐺

𝛿
           (21) 

 lim
𝑡→∞

𝑅𝐶(𝑡) = 𝑟𝐶𝐸𝐶
𝛾𝑀𝐸𝑀+𝛾𝐶𝐸𝐶+𝛾𝐺𝐸𝐺

𝛿
          (22) 

These results indicate that the total revenue is maximized when the efforts of the military, civilian, and government 

sectors are coordinated to enhance DUT development. 
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IV. RESULTS AND DISCUSSION 

Equilibrium Results  

Optimal Effort Level 

The mathematical modeling of DUT conversions [52] between the civilian and military sectors in all three frameworks, as 

shown in Eq. (23), (24), (25), and (26), allows us to conduct a comparative examination of the equilibrium outcomes of the 

optimal effort levels.  

 𝐸𝑀
𝐶 − 𝐸𝑀

𝑆 = 0           (23) 

 𝐸𝑀
𝐶 − 𝐸𝑀

𝑆 =
𝜋[[𝜆(𝜌+𝛿)+𝛼(𝜆+𝜃)]]

𝜇𝑀(𝜌+𝛿)
       (24) 

 𝐸𝐶
𝑆 − 𝐸𝐶

𝑁 =
(2−3𝜋)[𝜆(𝜌+𝛿)+𝛽(𝜆+0)]

2𝜇𝐶(𝜌+𝛿)
=

(2−𝜋)[𝜆(𝜌+𝛿)+𝛽(𝜆+0)]

2𝜇𝐶(𝜌+𝛿)
×

2−3𝜋

2−𝜋
= 𝐸𝐶

𝑆 × 𝜂∗ > 0    (25) 

 𝐸𝐶
𝐶 − 𝐸𝐶

𝑆 =
𝜋[[𝜆(𝜌+𝛿)+𝛽(𝜆+𝜃)]]

2𝜇𝐶(𝜌+𝛿)
      (26) 

 

Based on the equation 0 < 𝜋 <
2

3
, we may derive the terms 𝐸𝑀

𝐶 > 𝐸𝑀
𝑆 = 𝐸𝑀

𝑁 and 𝐸𝐶
𝐶 > 𝐸𝐶

𝑆 > 𝐸𝐶
𝑁. The both civilian and 

military firms get the maximum degree of effort in the mixed manner. In both spin-in and spin-off modes, the military firm 

exhibits an equivalent amount of effort. The degree of effort applied by the civilian force is enhanced during spin-in 

operations as opposed to spin-off operations [53]. Observably, the level of enhancement is equivalent to the optimal subsidies 

provided by the civilian and military firm [54]. This suggests that subsidies serve as an incentive strategy, which motivates 

the civilian firm to exert more technology transfer effort.  

Optimal Revenue 

The equilibrium findings of spin-in strategy, based on Eq. (27), (28), (29), and (30), indicate that the DUT conversion 

optimum revenue is superior to that of spin-off strategy for both sectors. 

 

 𝑉𝑀
𝑆 − 𝑉𝑀

𝑁 =
(2−3𝜋)2[𝜆(𝜌+𝛿)+𝛽(𝜆+𝜃)]2

8𝜇𝐶(𝜌+𝛿)2𝜌
       (27) 

 𝑉𝐶
𝑆 − 𝑉𝐶

𝑁 =
𝜋(2−3𝜋)[𝜆(𝜌+𝛿)+𝛽(𝜆+𝜃)]

4𝜇𝐶(𝜌+𝛿)2𝜌
   (28) 

 𝑉𝐶 − 𝑉𝑆 =
𝜋2[𝜆(𝜌+𝛿)+𝛼(𝜆+𝜃)]2

2𝜇𝑀(𝜌+𝛿)2𝜌
+

𝜋2[𝜆(𝜌+𝛿)+𝛽(𝜆+𝜃)]2

2𝜇𝐶(𝜌+𝛿)2𝜌
      (29) 

 𝑉𝑆 − 𝑉𝑁 =
(2−𝜋)(2−3𝜋)[𝜆(𝜌+𝛿)+𝛽(𝜆+𝜃)]2

8𝜇𝐶(𝜌+𝛿)2𝜌
> 0       (30) 

 

The order of total income, as determined by 0 < 𝜋 <
2

3
, is 𝑉𝐶 > 𝑉𝑆 > 𝑉𝑁. This suggests that the optimal outcome may 

be attained when military and civilian organizations collaborate to carry out the directed DUT conversion [55]. Moreover, 

the model in spin-in mode, when subjected to the Stackelberg equilibrium state, exhibits the second-greatest payoff. 

DUT Development 

Analyzing the anticipated and observed changes in the level of DUT enhancement in the three modes enables the stability 

assessment of technological progress during conversion [56]. The procedure of comparison is as shown in Eq. (31), and (32): 

 

 𝐸[𝐾𝑆(𝑡)] − 𝐸[𝐾𝑁(𝑡)] =
1

𝛿
(1 − 𝑒−𝛿𝑡)(Ω𝑆 − Ω𝑁) > 0       (31) 

 lim
𝑡→∞

𝐸[𝐾𝑆(𝑡)] − lim
𝑡→∞

𝐸[𝐾𝑁(𝑡)] =
1

𝛿
(Ω𝑆 − Ω𝑁) > 0       (32) 

Similarly, we can get (33), (34), (35), and (36): 

 𝐸[𝐾𝐶(𝑡)] − 𝐸[𝐾𝑆(𝑡)] =
1

𝛿
(1 − 𝑒−𝛿𝑡)(Ω𝐶 − Ω𝑆) > 0                                (33) 

 lim
𝑡→∞

𝐸[𝐾𝐶(𝑡)] − lim
𝑡→∞

𝐸[𝐾𝑆(𝑡)] =
1

𝛿
(Ω𝐶 − Ω𝑆) > 0       (34) 

 lim
𝑡→∞

𝐷[𝐾𝑆(𝑡)] − lim
𝑡→∞

𝐷[𝐾𝑁(𝑡)] =
𝜀2

2𝛿2
(Ω𝑆 − Ω𝑁) > 0        (35) 

 𝐷[𝐾𝑆(𝑡)] − 𝐷[𝐾𝑁(𝑡)] =
𝜀2(1−2𝑒−𝛿𝑡+𝑒−2𝛿𝑡)

2𝛿2
(Ω𝑆 − Ω𝑁)     (36) 

 

The first derivative of the equation 1 − 2𝑒−𝛿𝑡 + 𝑒−2𝛿𝑡 is positive for all values of 𝑡 𝜖 (0, ∞). 1 − 2𝑒−𝛿𝑡 + 𝑒−2𝛿𝑡 may be 

derived by the t⁃0 transformation, and subsequently, 𝐷[𝐾𝐶(𝑡)] − 𝐷[𝐾𝑆(𝑡)] can be recovered. By a similar process, one may 

get 𝐷[𝐾𝐶(𝑡)] − 𝐷[𝐾𝑆(𝑡)], in consideration to Eq. (37): 

 

 {
𝐸[𝐾𝐶(𝑡)] > 𝐸[𝐾𝑆(𝑡)] > 𝐸[𝐾𝑁(𝑡)], lim

𝑡⟶∞
𝐸[𝐾𝐶(𝑡)] >> lim

𝑡⟶∞
𝐸[𝐾𝑆(𝑡)] > lim

𝑡⟶∞
𝐸[𝐾𝑁(𝑡)]

𝐷[𝐾𝐶(𝑡)] > 𝐷[𝐾𝑆(𝑡)] > 𝐷[𝐾𝑁(𝑡)], lim
𝑡⟶∞

𝐷[𝐾𝐶(𝑡)] > lim
𝑡⟶∞

𝐷[𝐾𝑆(𝑡)] > lim
𝑡⟶∞

𝐷[𝐾𝑁(𝑡)]
    (37) 
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Consequently, the mix mode has a higher propensity for the development of DUT compared to the other 2 modes, with 

spin-in mode following closely behind [57]. The more advanced DUT becomes, the lower stability level attained by the 

sectors. Collaborative advancement of DUT by the civilian and military sectors exposes them to increased risk and 

unpredictable interference elements [58]. These findings demonstrate that the progress and stability of DUT development 

are greatly impacted by the conversion method. Within a collaborative setting, both military and civilian organizations 

together make choices aimed at optimizing the whole system [59]. This optimization aims to reduce the conversion threshold, 

enhance the efficacy of technological innovations, and eventually enhance the overall benefits. Hence, the mix mode may 

achieve Pareto optimality via the optimization of efforts, income, and technological development [60]. 

 

Simulation Results 

To demonstrate the hypothetical findings, we performed an arithmetical investigation. In Table 1, the values of the 

parameters are indicated. Table 2 shows the outcomes for each of the three game models, taking into account the effort put 

in by both military and civilian players as well as each ideal income level. 

 

Table 1. Customized Parameter Startup Configuration 

Notation 𝜶 𝜷 𝝆 𝜹 𝝀 𝜽 𝝁𝑴 𝝁𝑪 𝝅 𝜼 

Initialization 

Set-Ups 
0.79 0.59 0.94 0.09 0.69 0.59 0.49 0.49 0.49 0.32 

 

 
Fig 1. The Degree of Knowledge Acquisition Across the Three Modalities 

 

An analysis of the variations between the civilian and military firm in the scenarios of mix, spin-in, and spin-off modes 

may be conducted by viewing Table 2. The effort level of the firms was progressively enhanced by the 3 approaches. Such 

is especially true for the civilian firm; the money generated by civilians exceeded that of military participation in all 

scenarios. In addition, the overall cost reached its peak when the firm opted for the spin-in approach. 

 

Table 2. Comparative Analysis of The Outcomes for the 3 Game Scenarios 

 Spin-In Spin-Off Mix 

𝑬𝑴 1.69 1.69 3.38 

𝑬𝑪 2.54 1.44 2.89 

𝑽𝑴 0.62 K + 2.08 0.62 K + 1.85 0.62 K + 2.14 

𝑽𝑪 0.62 K + 2.32 0.62 K + 2.05 0.62 K + 2.14 

𝑽 1.24 K + 4.31 1.24 K + 3.9 1.24 K + 4.27 

 

DUT Development in 3 Modes 

Equation (50) states that the growth of DUT varies and improves depending on the sequence of mix, spin-in, and spin-off 

techniques. This study assessed simulations of technological advancement throughout time in three different differential 

games, as seen in Fig 1. The DUT’s steady-state development was found to be in accordance with the model’s derivation. 

DUT development began at a comparable stage; subsequently, the pace of technical advancement shifted towards 

differentiation, and ultimately, reached a stable condition [61]. The mix mode has the highest growth rate, which is twice 

that of spin-off, and requires the same measurement of time to transition to a stable state compared to the other two modes. 

Gradually, technology advancement converges to a stable condition when mix exhibits the greatest level of technological 

advancement, followed by spin-in transformation [62]. Spin-off has the least level of growth. 
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Revenue by user and overall, in 3 Modes 

Based on Equations (27) and (28), the costs for both military and civilian enterprises, as well as the overall revenue, exhibited 

consistency with simulation, as seen in Fig 2. In due course, the advantages for both civilian and military organizations 

expand and eventually stabilize. The mixing strategy is the most advantageous decision to increase revenue for both civilian 

and military firms, considering the total returns [63]. Furthermore, these changes were in line with the expansion of DUT. 

All the three CMI models demonstrate a significant contribution to the growth of profits for both firms. Furthermore, there 

exists a favorable association between the rise in earnings and the level of technical advancement. 

 

 
Fig 2. (Top) Temporal Progression of Military Income; (Middle) Temporal Progression of Civilian Revenue; (Bottom) 

Temporal Progression of Overall Revenue 

 

Comparative Analysis of Revenue between Civil and Military Firms 

Both civilian and military companies have enhanced profitability. Nevertheless, there exists a disparity in the profits of the 

firms within a similar model, as seen in Fig 3. Spin-off results in a near convergence of revenue trends between the civilian 

and military firms, with the military firm generating somewhat lower profits than the civilian firm [64]. This observation 

implies that the integration of military technology into the civilian firm has a comparable stimulating impact on the growth 

of revenue for both civilian and military sector businesses. The income generated by spin-in operations is far more than that 

generated by spin-off operations. Moreover, the profit margin of the military firm is much larger than that of the civilian 

firm [65]. The introduction of civilian innovation into military products marketplace not only alleviates the strain on the 

research and development and manufacturing of the military sector but also strengthens the dynamism of the military market 

[66]. In this research, the earnings patterns for military and civilian firms are similarly similar due to the same setting of 

distribution coefficients. 

 

 
Fig 3. Revenue from the Civilian and Military Sector In (Top) Spin-Off, (Middle) Spin-In, And (Bottom) Mix 
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V. CONCLUSION  

We underscore the effectiveness of collaborative strategies between civilian and military firms in DUT conversion and 

industrial transfer. Through comprehensive equilibrium and simulation analysis, it has been demonstrated that the Mix mode, 

where both military and civilian entities cooperate, yields the highest levels of technological advancement, optimal effort, 

and revenue generation for both sectors. In comparison with the Spin-Off and Spin-In modes, the Mix mode provides a 

sound and resilient context for technology transfer, which improves innovation and leads to better long-term outcomes. The 

simulation result is consistent with the theoretical analysis where the Mix mode not only promotes the technology 

advancement but also enhances the overall system performance. Moreover, the research shows that though both Spin-Off 

and Spin-In modes are beneficial, the effects are not as great as Spin-In Mix mode to achieve Pareto efficiency. From these 

findings, it is clear that for those policy makers and organizations seeking ways to improve industrial transfer and DUT 

formation, a greater emphasis on cooperation between military and civilian organizations may well hold the key to the 

creation of dramatically increased returns on technology and economic growth. 

 

CRediT Author Statement 

The author reviewed the results and approved the final version of the manuscript. 

 

Data Availability 

No data was used to support this study. 

 

Conflicts of Interests 

The author(s) declare(s) that they have no conflicts of interest. 

 

Funding 

No funding was received for conducting this research. 

 

Competing Interests 

There are no competing interests 

 

References 
[1]. J. Li and M. Pilz, “International transfer of vocational education and training: a literature review,” Journal of Vocational Education and Training, 

vol. 75, no. 2, pp. 185–218, Jan. 2021, doi: 10.1080/13636820.2020.1847566. 
[2]. X. Wang and Q. Wang, “Research on the impact of green finance on the upgrading of China’s regional industrial structure from the perspective 

of sustainable development,” Resources Policy, vol. 74, p. 102436, Nov. 2021, doi: 10.1016/j.resourpol.2021.102436. 

[3]. X.-H. Lu, X. Jiang, and M.-Q. Gong, “How land transfer marketization influence on green total factor productivity from the approach of industrial 
structure? Evidence from China,” Land Use Policy, vol. 95, p. 104610, Mar. 2020, doi: 10.1016/j.landusepol.2020.104610. 

[4]. J. Butt, “A conceptual framework to support digital transformation in manufacturing using an integrated business process management approach,” 

Designs, vol. 4, no. 3, p. 17, Jun. 2020, doi: 10.3390/designs4030017. 
[5]. J. Jia, G. Ma, C. Qin, and L. Wang, “Place-based policies, state-led industrialisation, and regional development: Evidence from China’s Great 

Western Development Programme,” European Economic Review, vol. 123, p. 103398, Apr. 2020, doi: 10.1016/j.euroecorev.2020.103398. 

[6]. X. Hao, Y. Li, S. Ren, H. Wu, and Y. Hao, “The role of digitalization on green economic growth: Does industrial structure optimization and green 
innovation matter?,” Journal of Environmental Management, vol. 325, p. 116504, Jan. 2023, doi: 10.1016/j.jenvman.2022.116504. 

[7]. M. A. Maslak, “Vocational education in China: the case of the People’s Republic of China (PRC),” in Global perspectives on adolescence and 

education, 2022, pp. 27–45. doi: 10.1007/978-3-030-79046-2_3. 
[8]. Y. Zhou, C. Zhuo, and F. Deng, “Can the rise of the manufacturing value chain be the driving force of energy conservation and emission reduction 

in China?,” Energy Policy, vol. 156, p. 112408, Sep. 2021, doi: 10.1016/j.enpol.2021.112408. 

[9]. S. X. B. Zhao, D. W. H. Wong, D. W. S. Wong, and Y. P. Jiang, “Ever‐transient FDI and ever‐polarizing regional development: Revisiting 
conventional theories of regional development in the context of China, Southeast and South Asia,” Growth and Change, vol. 51, no. 1, pp. 338–

361, Jan. 2020, doi: 10.1111/grow.12358. 

[10]. D. J. Bulman and K. A. Jaros, “Loyalists, localists, and legibility: the calibrated control of provincial leadership teams in China,” Politics & 
Society, vol. 48, no. 2, pp. 199–234, Mar. 2020, doi: 10.1177/0032329220908691. 

[11]. Sánchez-Cobaleda, “Defining ‘dual-use items’: legal approximations to an ever-relevant notion,” The Nonproliferation Review, vol. 29, no. 1–3, 

pp. 77–95, Dec. 2022, doi: 10.1080/10736700.2023.2202966. 
[12]. R. P. Rajagopalan and D. Stroikos, “The transformation of India’s space policy: From space for development to the pursuit of security and 

prestige,” Space Policy, p. 101633, May 2024, doi: 10.1016/j.spacepol.2024.101633. 

[13]. Brenneis, “Assessing dual use risks in AI research: necessity, challenges and mitigation strategies,” Research Ethics, Jul. 2024, doi: 
10.1177/17470161241267782. 

[14]. E. Camacho, “In the Anthropocene: adaptive law, ecological health, and biotechnologies,” Law Innovation and Technology, vol. 15, no. 1, pp. 

280–312, Jan. 2023, doi: 10.1080/17579961.2023.2184133. 
[15]. J.-H. Meng and J. Wang, “The policy trajectory of DUT integration governance in China: A sequential analysis of policy evolution,” Technology 

in Society, vol. 72, p. 102175, Feb. 2023, doi: 10.1016/j.techsoc.2022.102175. 

[16]. J. Vaynman and T. A. Volpe, “Dual use Deception: How technology shapes cooperation in international relations,” International Organization, 

vol. 77, no. 3, pp. 599–632, Jan. 2023, doi: 10.1017/s0020818323000140. 

[17]. M. A. Mendoza, M. R. Alfonso, and S. Lhuillery, “A battle of drones: Utilizing legitimacy strategies for the transfer and diffusion of dual-use 

technologies,” Technological Forecasting and Social Change, vol. 166, p. 120539, Feb. 2021, doi: 10.1016/j.techfore.2020.120539. 
[18]. K. A. Capps, S. Chapman, K. Clay, J. Fresnedo‐Ramírez, and D. L. Potts, “Reshaping the Tree of Life: ecological implications of evolution in 

the Anthropocene,” Frontiers in Ecology and the Environment, vol. 20, no. 2, pp. 111–116, Nov. 2021, doi: 10.1002/fee.2434. 



Volume 1, Issue 4 (October 2025), pp. 201-211                            Journal of Digital Business and International Marketing 

| Regular Article | Open Access 

 

210 

[19]. R. S. Pinner and R. J. Sampson, “Humanizing TESOL research through the lens of complexity thinking,” TESOL Quarterly, vol. 55, no. 2, pp. 

633–642, Jul. 2020, doi: 10.1002/tesq.604. 
[20]. S. Tywoniak, L. Ika, and C. Bredillet, “A pragmatist approach to complexity theorizing in project studies: orders and levels,” Project Management 

Journal, vol. 52, no. 3, pp. 298–313, Apr. 2021, doi: 10.1177/8756972821999501. 

[21]. J. Skarding, B. Gabrys, and K. Musial, “Foundations and Modeling of Dynamic Networks using Dynamic Graph Neural Networks: A survey,” 
IEEE Access, vol. 9, pp. 79143–79168, Jan. 2021, doi: 10.1109/access.2021.3082932. 

[22]. G. Chen, G. Xu, F. He, Y. Hong, L. Rutkowski, and D. Tao, “Approaching the global Nash equilibrium of non-convex multi-player games,” 

IEEE Transactions on Pattern Analysis and Machine Intelligence, pp. 1–17, Jan. 2024, doi: 10.1109/tpami.2024.3445666. 
[23]. J. Schmid, “Technological emergence and military technology innovation,” Defence and Peace Economics, vol. 34, no. 8, pp. 1091–1109, Jun. 

2022, doi: 10.1080/10242694.2022.2076339. 

[24]. L. Thomson, A. Kamalaldin, D. Sjödin, and V. Parida, “A maturity framework for autonomous solutions in manufacturing firms: The interplay 
of technology, ecosystem, and business model,” International Entrepreneurship and Management Journal, vol. 18, no. 1, pp. 125–152, Jan. 2021, 

doi: 10.1007/s11365-020-00717-3. 

[25]. G. Békés and P. Harasztosi, “Machine imports, technology adoption, and local spillovers,” Review of World Economics, vol. 156, no. 2, pp. 343–
375, Sep. 2019, doi: 10.1007/s10290-019-00365-y. 

[26]. J. D. Derian and A. Wendt, “‘Quantizing international relations’: The case for quantum approaches to international theory and security practice,” 

Security Dialogue, vol. 51, no. 5, pp. 399–413, Feb. 2020, doi: 10.1177/0967010620901905. 

[27]. K. M. Thaler, “Military integration and intelligence capacity: informational effects of incorporating former rebels,” Political Research Exchange, 

vol. 3, no. 1, Jan. 2021, doi: 10.1080/2474736x.2021.1957399. 

[28]. K. Van Der West and J. Warstat, “Civil-Military Interaction: Learning from Experience,” in Springer eBooks, 2017, pp. 41–60. doi: 10.1007/978-
3-319-60798-6_3. 

[29]. H. Han, “From fragmentation to centralization in policymaking: An explanation for the expansion of China’s civilian nuclear industry,” 

Environmental Policy and Governance, vol. 31, no. 2, pp. 142–151, Nov. 2020, doi: 10.1002/eet.1924. 
[30]. X. Wu and J. Long, “Assessing the particularity and potentiality of Civil–Military Integration Strategy for space activities in China,” Space Policy, 

vol. 62, p. 101514, Oct. 2022, doi: 10.1016/j.spacepol.2022.101514. 

[31]. Soh and D. Connolly, “New Frontiers of Profit and Risk: The Fourth Industrial Revolution’s Impact on Business and Human Rights,” New 
Political Economy, vol. 26, no. 1, pp. 168–185, Feb. 2020, doi: 10.1080/13563467.2020.1723514. 

[32]. Sakaki and S. Maslow, “Japan’s new arms export policies: strategic aspirations and domestic constraints,” Australian Journal of International 

Affairs, vol. 74, no. 6, pp. 649–669, Jun. 2020, doi: 10.1080/10357718.2020.1781789. 
[33]. Y. Yu and S. Yin, “Incentive Mechanism for the Development of Rural New Energy Industry: New Energy Enterprise–Village Collective 

Linkages considering the Quantum Entanglement and Benefit Relationship,” International Journal of Energy Research, vol. 2023, pp. 1–19, Jun. 

2023, doi: 10.1155/2023/1675858. 
[34]. Y. Qu and F. Guo, “Tripartite Game Analysis of Military-Civilian Technology Transfer from the Perspective of Technology Characteristics,” 

Mathematical Problems in Engineering, vol. 2022, pp. 1–13, Apr. 2022, doi: 10.1155/2022/4888360. 

[35]. M. Nordström, “AI under great uncertainty: implications and decision strategies for public policy,” AI & Society, vol. 37, no. 4, pp. 1703–1714, 
Sep. 2021, doi: 10.1007/s00146-021-01263-4. 

[36]. Malmio, “Ethics as an enabler and a constraint – Narratives on technology development and artificial intelligence in military affairs through the 

case of Project Maven,” Technology in Society, vol. 72, p. 102193, Jan. 2023, doi: 10.1016/j.techsoc.2022.102193. 
[37]. S. R. Khan, S. K. Pavuluri, G. Cummins, and M. P. Y. Desmulliez, “Wireless Power Transfer Techniques for Implantable Medical Devices: A 

review,” Sensors, vol. 20, no. 12, p. 3487, Jun. 2020, doi: 10.3390/s20123487. 

[38]. L. Zhao, J. Sun, L. Zhang, P. He, and Q. Yi, “Effects of technology lock-in on enterprise innovation performance,” European Journal of Innovation 
Management, vol. 24, no. 5, pp. 1782–1805, Sep. 2020, doi: 10.1108/ejim-06-2020-0206. 

[39]. Bessi, M. Guidolin, and P. Manfredi, “The role of gas on future perspectives of renewable energy diffusion: Bridging technology or lock-in?,” 

Renewable and Sustainable Energy Reviews, vol. 152, p. 111673, Dec. 2021, doi: 10.1016/j.rser.2021.111673. 
[40]. P.-H. Soh, “Network patterns and competitive advantage before the emergence of a dominant design,” Strategic Management Journal, vol. 31, 

no. 4, pp. 438–461, Nov. 2009, doi: 10.1002/smj.819. 

[41]. Y. Levy, “A revised model of civilian control of the military,” Armed Forces & Society, vol. 38, no. 4, pp. 529–556, Mar. 2012, doi: 
10.1177/0095327x12439384. 

[42]. Z. Zhou and C. B. Li, “How knowledge affects radical innovation: Knowledge base, market knowledge acquisition, and internal knowledge 
sharing,” Strategic Management Journal, vol. 33, no. 9, pp. 1090–1102, Jan. 2012, doi: 10.1002/smj.1959. 

[43]. C. Mowery, “The changing structure of the US national innovation system: implications for international conflict and cooperation in R&amp;D 

policy,” Research Policy, vol. 27, no. 6, pp. 639–654, Sep. 1998, doi: 10.1016/s0048-7333(98)00060-2. 
[44]. R. Cohen and P. A. Wilson, “Superpowers in decline? Economic performance and national security,” Comparative Strategy, vol. 7, no. 2, pp. 99–

132, Jan. 1988, doi: 10.1080/01495938808402737. 

[45]. Chen and R. J. McQueen, “Knowledge transfer processes for different experience levels of knowledge recipients at an offshore technical support 
center,” Information Technology and People, vol. 23, no. 1, pp. 54–79, Mar. 2010, doi: 10.1108/09593841011022546. 

[46]. S. Biddle and R. Zirkle, “Technology, civil‐military relations, and warfare in the developing world,” Journal of Strategic Studies, vol. 19, no. 2, 

pp. 171–212, Jun. 1996, doi: 10.1080/01402399608437634. 
[47]. Middleton, K. Sutton, B. McIntyre, J. O’Keefe, and N. Iv, “Soldier Integrated Protective Ensemble (SIPE) Advanced Technology Demonstration 

(ATD),” Oct. 2000. doi: 10.21236/ada384680. 

[48]. Adamides and N. Karacapilidis, “Information technology for supporting the development and maintenance of open innovation capabilities,” 
Journal of Innovation & Knowledge, vol. 5, no. 1, pp. 29–38, Jul. 2018, doi: 10.1016/j.jik.2018.07.001. 

[49]. Acosta, D. Coronado, E. Ferrandiz, M. R. Marin, and P. J. Moreno, “Patents and DUT: an empirical study of the world’s largest defence 

companies,” Defence and Peace Economics, vol. 29, no. 7, pp. 821–839, Mar. 2017, doi: 10.1080/10242694.2017.1303239. 
[50]. Y. Zhu, C. F. Lee, and H. D. Jiang, “Generalised framework of limit equilibrium methods for slope stability analysis,” Géotechnique, vol. 53, no. 

4, pp. 377–395, May 2003, doi: 10.1680/geot.2003.53.4.377. 

[51]. Benaroch and K. Lyytinen, “How much does software complexity matter for maintenance productivity? the link between team instability and 
diversity,” IEEE Transactions on Software Engineering, vol. 49, no. 4, pp. 2459–2475, Apr. 2023, doi: 10.1109/tse.2022.3222119. 

[52]. J. Carpenter and R. K. Carr, “Measurement and Evaluation of Technology Transfer from U.S. Dual-Use and Technology Programs,” in Springer 

eBooks, 1997, pp. 297–313. doi: 10.1007/978-94-017-1213-2_18. 
[53]. Avadikyan and P. Cohendet, “Between market forces and knowledge based motives: the governance of defence innovation in the UK,” The 

Journal of Technology Transfer, vol. 34, no. 5, pp. 490–504, Jan. 2009, doi: 10.1007/s10961-008-9102-2. 

[54]. D. Parrott, “The business of war: military enterprise and military revolution in early modern Europe,” Choice Reviews Online, vol. 50, no. 05, 
pp. 50–2889, Jan. 2013, doi: 10.5860/choice.50-2889. 



Volume 1, Issue 4 (October 2025), pp. 201-211                            Journal of Digital Business and International Marketing 

| Regular Article | Open Access 

 

211 

[55]. H. T. Kulve and W. A. Smit, “Civilian–military co-operation strategies in developing new technologies,” Research Policy, vol. 32, no. 6, pp. 

955–970, May 2003, doi: 10.1016/s0048-7333(02)00105-1. 
[56]. P. P. Paudel, S. Kafle, S. Park, S. J. Kim, L. Cho, and D. H. Kim, “Advancements in sustainable thermochemical conversion of agricultural crop 

residues: A systematic review of technical progress, applications, perspectives, and challenges,” Renewable and Sustainable Energy Reviews, 

vol. 202, p. 114723, Sep. 2024, doi: 10.1016/j.rser.2024.114723. 
[57]. J. E. Fischer, A. G. K. Solomon, W. G. Power, and Conflict, Dual-use technologies : inexorable progress, inseparable peril : a report of the project 

on technology futures and global power, wealth, and conflict. 2005. [Online]. Available: http://ci.nii.ac.jp/ncid/BA79838142 

[58]. R. H. Kohn, The erosion of civilian control of the military in the United States today. 2012. [Online]. Available: https://digital-
commons.usnwc.edu/cgi/viewcontent.cgi?article=2366&context=nwc-review 

[59]. Nuciari, “Models and Explanations for Military Organization: An updated reconsideration,” in Handbooks of sociology and social research, 2006, 

pp. 61–85. doi: 10.1007/0-387-34576-0_4. 
[60]. M. Altman, “A behavioral theory of economic welfare and economic justice,” International Journal of Social Economics, vol. 27, no. 11, pp. 

1098–1131, Nov. 2000, doi: 10.1108/03068290010352524. 

[61]. Dominese, “Dual Technologies Sectors Innovation and Growth Civil and Defence Industries in Europe versus U.S. and China,” Journal Transition 
Studies Review, vol. 27, no. 1, pp. 3–46, Dec. 2019, doi: 10.14665/1614-4007-26-2-001. 

[62]. J. Kim et al., “Spin-Based Computing: device concepts, current status, and a case study on a High-Performance Microprocessor,” Proceedings of 

the IEEE, vol. 103, no. 1, pp. 106–130, Nov. 2014, doi: 10.1109/jproc.2014.2361767. 

[63]. V. Kvint, Strategy for the global market. 2015. doi: 10.4324/9781315709314. 

[64]. M. Acosta, D. Coronado, E. Ferrándiz, M. R. Marín, and P. J. Moreno, “Civil–Military patents and technological knowledge flows into the leading 

defense firms,” Armed Forces & Society, vol. 46, no. 3, pp. 454–474, Feb. 2019, doi: 10.1177/0095327x18823823. 
[65]. J. Callado-Muñoz, M. Fernández-Olmos, M. Ramírez-Alesón, and N. M. Utrero-González, “Assessing the Impact of Military and Civilian 

R&amp;D on Performance,” Defence and Peace Economics, pp. 1–17, Apr. 2023, doi: 10.1080/10242694.2023.2197308. 

[66]. J. Davis, T. Edgar, J. Porter, J. Bernaden, and M. Sarli, “Smart manufacturing, manufacturing intelligence and demand-dynamic performance,” 
Computers & Chemical Engineering, vol. 47, pp. 145–156, Jul. 2012, doi: 10.1016/j.compchemeng.2012.06.037. 

 

 

Publisher’s note: The publisher remains neutral with regard to jurisdictional claims in published maps and institutional 

affiliations. The content is solely the responsibility of the authors and does not necessarily reflect the views of the publisher. 

 

ISSN: 3104-4115
 
 

 

 


